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Abstract 
This paper presents an experimental manufacture and performance evaluation of prototype linear switched reluctance motor with 
HTS excitation windings (HTS-LSRM). The Ag-alloy sheathed Bi-2223 tapes are used for HTS coils. We first present a structure 
of the prototype HTS-LSRM. Next, current-carrying properties of the HTS coils are measured. Furthermore, current and voltage 
waveforms are measured and we evaluation a control performance of the current and voltage. 
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1. Introduction 
Linear switched reluctance motors (LSRMs) has become attractive candidates for use as industrial applications 
for several reasons [1]: they have iron cores of simple structure; they only have concentrated windings on the 
primary side; they are low in cost; and they have a high fault tolerance. In processing machinery applications, an 
electrical drive of a pressing machine and an injection machine is advanced for natural resources saving [2]. These 
machines are desired to a large thrust and small motor size. In the previous paper, we have designed and analyzed a 
HTS-LSRM in which HTS tapes are used for excitation windings of this motor in order to achieve large thrust and 
motor size miniaturization [3]. In this work, we investigated a small motor size and short stroke type HTS-LSRM for 
power source of a press or injection shaft.  
This paper presents an experimental manufacture and performance evaluation of prototype HTS-LSRM. The HTS 
coils are wound on each salient pole of the stator. The mover consists of only an iron core of salient pole structure. 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The Ag-alloy sheathed Bi-2223 tapes are used for HTS coils. We first present a detailed structure of the prototype 
HTS-LSRM and operating principle. Next, current-carrying properties of the HTS coils are measured. Furthermore, 
current and voltage waveforms are measured and we evaluation a control performance of the current and voltage. 
2. HTS-LSRM 
2.1. Structure of the HTS-LSRM 
The cross-section view of the HTS-LSRM is shown in Fig. 1. The stator iron core has 6 salient poles and the 
mover iron core has 4 salient poles. The excitation windings are concentrated windings and only wound on each 
salient pole of the stator. The excitation windings consist of A-phase (A, A’), B-phase (B, B’), and C-phase (C, C’) 
and two windings of each phase are connected in series. The mover consists of only the iron core with salient pole 
structure. To study the HTS-LSRM characteristics experimentally, the experimental machine is manufactured. Fig. 2 
shows photograph of the experimental machine. The sizes of iron cores are as shown in Fig. 1. The stack height of 
iron core is 16 mm and the air gap length is 1 mm. The iron core materials are rolled steels for general structure, 
SS400, 0.8 mm thick. The number of turns of stator HTS coil is 30 turns / pole. The Ag-alloy sheathed Bi-2223 
tapes are used for HTS coils. The width and thickness of the tape are 4.2 mm and 0.22 mm respectively. The critical 
current of the tape is 115 A at 77 K under the self-magnetic field. A linear rolling guide is used for the support of the 
mover. Position information of the mover is derived by a potentiometer 100 mm long. The whole stator is soused in 
liquid nitrogen, and HTS coils are cooled. 
2.2. Operating principle 
In the HTS-LSRM, a reluctance thrust is used. In order to generate the reluctance thrust continuously according 
to a movement of mover, the excited phase needs to be changed according to positional relationship between stator 
salient poles and mover salient poles. The positional relationship between the stator and mover for the aligned and 
unaligned position on the B-phase are shown in Fig. 3 (a) and (b), respectively. These figures are cross-section 
views of stack direction. As shown in Fig. 3 (a), the position where mover salient poles are aligned the B-phase 
stator salient poles is the mover position x = 0 mm. In Fig. 3 (b), the center of two mover salient poles is aligned 
stator salient poles. This mover position is called an unaligned position. The reluctance thrust is not generated even 
if the current is supplied to B-phase excitation winding in the unaligned position. When the current is supplied to B-
phase excitation winding in a mismatched position from the unaligned position, the reluctance thrust is generated so 
that the mover may move to the aligned position where it is easy for the magnetic flux to flow. The reluctance thrust 
F is given as follows; 
x
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where, ib is B-phase current, Lb is a self-inductance of B-phase excitation winding. From (1), the positive thrust is 
generated when the current is supplied to the excitation winding at interval increasing the self-inductance of 
        
Fig. 1. Cross-section view of the HTS-LSRM.        Fig. 2. Appearance of the experimental machine. 
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excitation winding. Also, the generated thrust is not 
depended a polar character of the current. 
Fig. 4 shows basic concepts of A-phase, B-phase, and C-
phase excitation winding self-inductances and supplied 
current waveforms. In order to generate consecutive thrust, 
excitation current ia, ib, ic need to be supplied to excitation 
windings during the increase self-inductance La, Lb, Lc. 
2.3. Driving system 
Fig. 5 shows the driving system for HTS-LSRM. The 
driving system consists of a control system and a current 
source inverter system [4]. In the control system, the 
excitation current amplitude and excited position command 
are calculated by LabVIEW. The inverter system consists 
of a chopper circuit for making a current source and the general asymmetric H-bridge inverter. In the chopper circuit, 
a direct current supplied to excitation windings is made by controlling the current of smoothing reactor Ls. 
3. Experimental results 
3.1. I-V characteristics of HTS coil 
In the HTS-LSRM, the perpendicular magnetic flux density applied to the HTS tape conductor surface is changed 
according to the mover position. So I - V characteristics of HTS coil are measured at various mover positions. The 
measured results are shown in Fig. 6. The voltage of the HTS coil is measured by a four-terminal method. The 
distance between terminals is 3.2 m. I - V characteristics of B’ HTS coil are measured at (a) start position of B-phase 
excitation x = 48 mm and (b) B-phase aligned position x = 72 mm. In this figure, the measured result of the air core 
HTS coil is also shown. As shown in Fig. 6, the voltage of HTS coil wound stator iron core is generated at lower 
current compared with the air core HTS coil. Additionally it is confirmed that the voltage is generated at lower 
current as the mover gets away from B-phase aligned position. These results are investigated by the magnetic field 
analysis using 3D-FEM. 
Fig. 7 shows the analytical results of the magnetic flux line distributions when the excitation current is supplied 
to B-phase. Fig. 7 (a) and (b) are start position of B-phase excitation and B-phase aligned position respectively. 
From these analytical results, it is confirmed that the magnetic flux density applied to the HTS tape conductor at the 
start position of B-phase excitation is larger than B-phase aligned position. 
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Fig. 3. Positional relationship of stator and mover.        Fig. 4. Waveforms of self-inductance and supplied currents. 
(a) B-phase aligned position; (b) B-phase unaligned position. 
D
/A
 c
on
ve
rte
rM
ea
su
re
d 
cu
rr
en
t
IG
B
Ts
 o
f
in
ve
rte
r
Fig. 5. Driving system configuration. 
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3.2. Drive performance 
The drive performances of the experimental machine are shown in this section. Fig. 8 shows A-phase current ia, 
mover position x, and velocity vs waveforms when the excitation current amplitude command iL* is 25 A. A-phase 
current is well controlled square wave of current which synchronized with mover position. From mover position and 
velocity waveforms, the round-trip drive is confirmed in the experimental machine. Fig. 9 shows waveforms of the 
smoothing reactor current iL, A-phase current ia, and A-phase terminal voltage vs. Fig. 9 (a) and (b) are rising and 
falling edge of A-phase respectively. iL is controlled almost constant current. Though the falling time of ia is longer 
than the rising time, favorable excitation switching is confirmed. va becomes pulse waveform because the pulsating 
component exists in ia. 
4. Conclusions 
The experimental machine of the HTS-LSRM and driving system were manufactured in this paper. I-V 
characteristics of the experimental machine were measured. The current-carrying properties of HTS-LSRM 
deteriorated compared with air core coil. The current-carrying properties of excitation start position of excitation 
deteriorated compared with the aligned position. The drive performances were evaluated by performing experiments. 
In the results, favorable drive performances were confirmed in the experimental machine. 
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Fig. 6. I-V characteristics of B’ HTS coil.    Fig. 7. Magnetic flux line distributions.   
       (a) Start position of excitation, (b) B-phase aligned position. 
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        Fig. 8. Waveforms of current, mover position and velocity.                     Fig. 9. Waveforms of the smoothing reactor current, A-phase 
current, A-phase terminal voltage. (a) Rising edge, (b) Falling edge.
